Introduction
In the present paper karyotypes of Chrysanthemum lineare , Ch. vulgare, Ch. vulgare var. boreale, Ch. rupestre and Ch . nipponicum were reported. These plants are native to Japan , except Ch. vulgare, and differ from each other in natural habitat as well as their external morphology (Shimotomai 1935 and Kitamura 1948) . According to Kitamura (1940) they fall into different sections or subsections.
The chromosome number of these species were reported to be 2n=18 (Tahara 1914 -1915 , 1921 , Shimotomai 1933 , 1937 , Sugiura 1937 , Nagami 1957 . Shimotomai and Takemoto (1936, 1939) studied the karyotypes of Ch. lineare and Ch. nipponicum and found differences in both chromosome length and number of satellites. Nagami (1957) in his study on the karyo type of Ch. rupestre did not find any satellites in this species.
Recently, one of the present authors (Tanaka 1959 a and b) studied the karyotypes of two diploid species, Ch. boreale and Ch. Makinoi, using a new stain technique developed by Tjio and Levan (1950) and Shimotomai et al. (1956) , and observed satellites in chromosomes of these species. In the present investigation further details of the karyotypes of four Chrysanthemum species were observed by applying the new stain technique.
Materials and methods
Clones of four species and a variety, Ch. lineare, Ch. vulgare, Ch.
vulgare var. boreale, Ch. rupestre and Ch. nipponicum, were collected from the native habitat of the species.
The localities where the clones were col lected are shown in Cytological studies were made from root tip and bud materials. For the study of somatic chromosomes in root tips, the method of Tjio and Levan (1950) modified by Shimotomai et al. (1956) was used. For the study of meiotic chromosomes the method of squashing with aceto-orcein or aceto carmine was used.
These methods were described in a previous report (Tanaka 1959a Chromosome 11, the longest chromosome of the complement, has a median centromere.
Chromosome 2 is the second longest chromosome and has a submedian centromere.
Chromosomes 3 and 4 are the medium length chro mosomes and have a submedian centromere.
Chromosomes 5 and 6 are also the medium length chromosomes and have a median centromere. Chromo some 7 is one of the shorter chromosomes and has a median centromere. Chromosome 8 is also one of the shorter chromosomes and has a submedian centromere.
Chromosome 9 is another shorter chromosome and has a median centromere. This is about 3/4 the length of chromosome 1. Paris (1957) . The letters of chromosomes a, b, c, d, e, f, g, h and i in earlier reports (Tanaka 1959a (Tanaka , 1959b (Tanaka , 1959c (Tanaka , 1959d (Tanaka , 1960 should be changed to Arabic numerals 1, 2, 3, 4, 5, 6, 7, 8 and 9, respectively. figure  6 ).
•~3100.
PMCs separated normally to both poles at anaphase I. In a few PMCs one or two lagging chromosomes were observed. However, no micronucleus was seen in the cells at telophase I and II.
All of the tetrads observed were without micronucleus or microcyte. Three bivalents were found attached to a nucleolus at diakinesis (Fig.  9 ). Each of them was V-shaped and attached to the nucleolus at the terminal position of both arms. A satellite was found on the arm of homo logous chromosomes of the three bivalents.
These three bivalents were identified as chromosomes 4, 7 and 8. Ch. vulgare is a widespread species in subarctic areas of Eurasia. In Japan it is found in Hokkaido.
Two clones of this species were collected from Oshidomari on the island of Rishiri.
They grew in the slopes of foot hills.
Also, three clones of this species were collected from Utro on the Shiretoko peninsula.
These clones grew in the rocky slopes exposed to sea. In addition to the Japanese clones, five clones of this species were received from Marburg Botanical Garden, Germany. Kitamura (1940) reported that the clones from both Oshidomari and Utro were Ch. vulgare var. boreale Makino.
Observations on the present materials showed no morphological differences between European clones and Japanese clones, except the latter had greater pubescence in leaves and stems.
The clones collected from both Japan and Germany had the same chro mosome number, 2n=18, and showed similar karyotypes. rupestre, 2n=18.
•~1600.
At diakinesis three bivalents were found attached to a nucleolus (Fig.  10) . Each of them was V-shaped and attached to the nucleolus at the terminal position of both arms. The three bivalents possessed satellites on the arm of homologous chromosomes. They were identified as chromosomes 4, 7 and 8. Meiosis in PMCs was normal with the formation of nine bivalents at diakinesis and metaphase I. The form of the bivalents was ring or rod. Most PMCs had three ring and six rod bivalents.
At diakinesis two bival ents were found attached to a nucleolus (Fig. 11) . A satellite was observed on homologous chromosomes of the two bivalents. These two bivalents were identified as chromosomes 4 and 8. 4 . Ch. nipponicum Matsumura.
Figs. 4, 6 and 12; Table 5 . This is a species growing in coastal slopes of northern Pacific coast of Japan (Shimotomai 1935) .
Thirty two clones were collected from three localities: Tanesashi in the province of Mutsu; Kinkazan in the province of Rikuzen; and Hirakata in the province of Hitachi.
These clones were mor phologically similar to the type specimen deposited in the Herbarium of Tokyo University, with the exception of the clones from Hirakata which had broader leaves. All of the clones flowered in late September. The clones from Satellites were found in a pair of chromosomes 8. The satellite chromo some was the second shortest chromosome of the complement and had a sub terminal centromere.
The satellites were larger than those of Ch. lineare, Ch. vulgare and Ch. rupestre.
The observation on the karyotypes were similar to that reported by Shimotomai and Takemoto (1936, 1939) .
Meiosis in all clones showed similar behaviour.
Meiosis was normal with the formation of nine bivalents at metaphase I and nine chromosomes at metaphase II.
The nine bivalents at metaphase I were of ring or rod form. Most PMCs had three ring and six rod bivalents.
At diakinesis one bivalent was found attached to a nucleolus at the terminal position of both arms (Fig. 12) . A satellite was found on the arm of homologous chromosomes of this bivalent. This bivalent was identified as chromosome 8. Therefore, the species with longer chromosomes had more satellite chromosomes than the species with shorter chromosomes. Differences in satellite chromosomes also may provide additional light on the evolutionary trends of the four species. Tanaka (1959a) found a decrease in satellite chromosomes of Ch. boreale following its speciation. He also found that Ch. Makinoi, which is considered to be an advanced species, had two pairs of satellite chromosomes (Tanaka 1959b 4. Ch. lineare and Ch. vulgare had three pairs of satellite chromosomes, Ch. rupestre had two pair of satellite chromosomes, and Ch. nipponicum had only one pair of satellite chromosomes.
The satellite chromosomes
of the four species were found to be a nucleolar chromosome.
6. Species with shorter chromosomes had fewer satellite chromosomes than those with longer chromosomes. The former were presumed to be the advanced species and the latter the primitive species.
Ch. lineare is presumed to be the most primitive among the four species.
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